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A NEW MOVEMENT AMONG PHYSICS TEACHERS 

CIRCULAR II 

The answers to the circular sent out about two months ago by 
the committee of the Central Association of Science and Mathematics 
Teachers have revealed the fact that there is a widespread interest 
throughout the country in the problem of more efficient instruction 
in elementary physics. The circular was printed in the March num- 
bers of School Science and Mathematics and of the School Review, 
and in addition 1,600 copies were mailed to individual physics teach- 
ers. Altogether 275 answers have been received. These came from 
80 colleges, 30 normal schools, and 165 high schools. The geographi- 
cal distribution of those who answered is as follows : 

Canada, 2; California, 11; Colorado, 6; Connecticut, 4; District of Columbia, 
4; Georgia, 2; Illinois, 38; Indiana, 7; Iowa, 11; Kansas, 7; Kentucky, 1; 
Louisiana, 1; Maine, 5; Maryland, 2; Massachusetts, 24; Michigan, 19; 
Minnesota, 8; Mississippi, 1; Missouri, 7; Nebraska, 4; New Mexico, 1; New 
Hampshire, 1; New Jersey, 5; New York, 33; North and South Carolina, 3; 
North and South Dakota, 5; Ohio, 26; Oregon, 1; Pennsylvania, 18; Rhode 
Island, 1; Tennessee, 2; Utah, 1; Vermont, 2; Virginia, 4; Washington, 3; Wis- 
consin, 5. 

The tabulated summary of the answers received is as follows: 
Question 1. In counting the vote on the list of experiments, 
the college, the normal-school, and the high-school returns have been 
kept separate. Every experiment that received a total majority (138) 
vote appears in the list. Those marked with an * received a total 
two-thirds vote (184). The numbers in the last column under "suc- 
cess" are the returns from question 3; they tell how many votes each 
experiment received as being one of the most successful ones in the 
list. 

Question 2. Numerous additional experiments have been sug- 
gested. For lack of space we present only those that were suggested 
by three or more teachers. The numbers indicate the vote. If you 
wish to have any of these added to the list, please vote on them as 
before. 
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College 


Normal 


High 


Total 


Success 




80 


3° 


165 


275 


128 




TOTAL VOTE 


*59 


23 


138 


220 


52 


1. 


Weight of unit volume 


*5° 


19 


130 


199 


67 


2. 


Lifting effect of water 


*7i 


25 


158 


254 


91 


3- 


Sp. g. body denser than water 


* SI 


19 


128 


198 


52 


4- 


Sp. g. of wood with sinker 


41 


22 


109 


172 


45 


5- 


Weight of water displaced 


*68 


23 


143 


234 


73 


7- 


Sp. g. of a liquid 


*6o 


23 


127 


210 


64 


8. 


Lever of the first class 


45 


II 


97 


153 


26 


9- 


Center of gravity of lever 


43 


18 


102 


163 


36 


10. 


Levers of 2d and 3d classes 


*6i 


21 


i34 


216 


45 


13- 


Three forces in a plane 


*5° 


21 


131 


202 


29 


14. 


Inclined plane 


49 


l8 


i°5 


172 


35 


17- 


Pulleys 


*74 


24 


149 


247 


65 


26. 


Pendulum 


* 7 6 


23 


145 


244 


60 


28. 


Boyle's law 


*62 


19 


in 


192 


32 


3°- 


Barometer 


*66 


17 


IS9 


242 


49 


36. 


Testing a thermometer 


*7i 


21 


124 


216 


53 


37- 


Linear expansion 


♦69 


24 


141 


234 


57 


41. 


Specific heat 


♦67 


22 


143 


232 


5° 


42. 


Heat of fusion of ice 


* 5 2 


19 


"9 


190 


31 


43- 


Heat of vaporization 


36 


18 


96 


150 


20 


45- 


Relative humidity, dew-point 


56 


23 


94 


173 


29 


Si- 


Boiling-point and pressure 


*62 


22 


118 


202 


46 


57- 


Wave-length by resonance 


Si 


19 


87 


157 


24 


58. 


Number of vibrations of fork 


56 


19 


82 


157 


38 


61. 


Phenomena of electrostatics 


*6i 


22 


120 


203 


62 


62. 


Phenomena of magnetism 


*6 S 


26 


150 


241 


77 


63- 


Magnetic field with filings 


* S 6 


23 


139 


218 


55 


66. 


Single-fluid cell 


38 


13 


108 


159 


36 


67. 


Two-fluid cell 


*53 


22 


"4 


189 


29 


68. 


Battery grouping 


Si 


IS 


77 


143 


25 


69. 


D'Arsonval galvanometer 


*57 


19 


in 


187 


35 


70. 


Induced currents 


S3 


21 


108 


182 


29 


7i- 


Resistance by substitution 


*6i 


22 


115 


198 


53 


72. 


Wheatstone bridge 


52 


22 


100 


174 


33 


76. 


Electromagnet 


36 


20 


106 


162 


46 


77- 


Electric bell 


41 


16 


"3 


170 


34 


78. 


Telegraph instruments 


* 4 6 


20 


119 


185 


29 


79- 


Electric motor 


46 


20 


104 


170 


22 


80. 


Dynamo 


*65 


28 


152 


245 


66 


85- 


Plane mirror 


43 


17 


96 


156 


29 


86. 


Spherical mirrors 


*6i 


2 3 


124 


208 


56 


88. 


Index of glass 


*6 5 


22 


136 


223 


57 


91. 


Focus of converging lens 


S7 


20 


104 


181 


43 


92. 


Conjugate focal lengths 


*54 


20 


117 


191 


3 1 


93- 


Relative sizes of object and image 


44 


18 


82 


144 


12 


94. 


Virtual image 


*SS 


24 


129 


208 


44 


100. 


Photometer 



Vernier and micrometer, 25; comparison of units of length, 16; use of chemi- 
cal balance, 9; value of t, 4; uniformly accelerated motion, 4; center of gravity, 
22; falling bodies (Whiting's method), 5; wheel and axle, 7; acceleration on in- 
clined plane, 6; principle of moments, 5; inertia balance, 3; determination of g, 
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10; develop ]=ma, 4; law of centrifugal force, 6; fluid pressure, 10; hydraulic 
press, 3; pumps, 6; siphon, 5; hydrometer, 4; rate of exhaustion in air-pump, 
3; heat conductivity in liquids, 4; convection currents, 4; cubical expansion of 
mercury, 3; laws of vibrating strings, 22; Kundt's tube, 9; fall of potential on a 
wire, 5; wireless telegraph, 3; telephone, 6; specific resistance, 4; Ohm's 
law, 5. 

Question 3. The vote on the most successful experiments is given 
in the fifth column of numbers in question 1. 

Question 4. The following experiments are not satisfactory to 
three or more of those who answered: 

Uniformly accelerated motion, 17; inclined plane, 3; coefficient of friction, 
3; Boyle's law, 5; comparison of masses by acceleration test, 8; elastic impact, 4; 
surface tension, 5; linear expansion, 14; increase in gas pressure at constant 
volume, 7; increase in gas volume at constant pressure, 13; efficiency of hot- 
air engine, 4; specific heat, 6; heat of fusion of ice, 10; heat of vaporization, 
13; heat of combustion of gas, 4; efficiency of a gas engine, 6; efficiency of a 
water motor, 7; efficiency of a steam engine, 8; velocity of sound in open air, 4; 
wave-length of sound by resonance, 5; number of vibrations of a tuning-fork, 
11; index of refraction of water, 3; spectrum phenomena, 4. 

Question 5. Of those who answered this question 115 use toys, 
and 76 do not use them. The toys used are : 

Balloon, soap-bubbles, tops, tumble jack, wind-mills, Cartesian diver, loop- 
the-loop, marbles, water wheels, pumps, hydraulic ram, sling-shot, steam and 
gas engines, motors, dynamos, telegraph, whistles, horns, flutes, color tops, 
kaleidoscope. 

Question 6. The returns from this question concerning the cri- 
terion for judging a laboratory experiment are hard to tabulate. 
Few votes were received for the criteria as suggested in the first cir- 
cular. Many votes were cast for a combination of two or more, 
and in these cases a vote was counted for each. The wording was 
also changed by the voters. The best summary of the vote seems 
to be this: 

One hundred and eighty believe that an experiment should illustrate an 
important principle of physics; 130 think it should also help to fix in mind a 
principle that is in practical use; and 96 think that it should in addition interest 
and arouse the curiosity of the student; 52 are opposed to the use of toy machines, 
and 41 think it an admirable idea to use them. 

Other suggestions as to what a laboratory experiment should 
aim to do were sent in as follows: 
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It should emphasize the basis of scientific work (20), so that the learner realizes 
that he is studying things rather than statements (6). It should give a better 
understanding of a principle (15) and help to fix it in mind (21). It should tend 
to develop independent thinking (18), power to reason (19), self-reliance (5), 
and accuracy of expression (14). It should foster skill in accuracy of obser- 
vation (19), manipulation (22), and methods of experimentation (6). It should 
be simple (25), should verify something learned in the class (11), should be sug- 
gestive of further experiments (10), and should bring in incidentally phenom- 
ena not directly the subject of the experiment (10). It should raise the ideals 
of the value of' careful, accurate, painstaking work (15), and be related to a 
principle in which the student can see some use (n). 

Perhaps these statements, when viewed collectively, may be 
taken to mean that the laboratory is the place to impress the learner 
with the value, the meaning, and the methods of truly scientific work. 
He should learn that good results are obtained in any work only 
when the conclusions are based on careful, accurate, and unbiased 
observation, and are drawn with fearless honesty and entire fairness. 
He should also see that such conclusions are but close approxima- 
tions, so that he is ever ready to change or improve them when it 
is found to be necessary to do so. 

Question 7. This question as to what is necessary in order to 
make physics more nearly fill the place it is capable of taking as a 
valuable educative factor, has called forth the largest number of 
suggestions of any. We regret much that we have not the means 
of printing extracts from many of the answers received. We have 
tried to include most of the ideas put forth in the following synopsis, 
though many of the finer distinctions of meaning have been neces- 
sarily lost: 

Physics should be closely co-ordinated with the daily life and experiences 
of the students (55). This should not only be done by making the practical 
applications prominent (40), by bringing the work into close contact with indus- 
trial operations (8), by visiting industrial plants (8); but should also lead us 
to make the problems simple, concrete, and dealing with phenomena familiar 
to the student, (16), and even to found the discussions on the common experiences 
of the students rather than on the laboratory apparatus (14). In any case, 
the value of the principle under consideration must be evident to the student 
(14), and he must be given a clear understanding of the essential points involved 
(6). We must give less theoretical and abstract work, and a greater number 
of applications of the theory that is given (20). 

In addition to co-ordination with industrial operations and practical applica- 
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tions of physics, it should be correlated with the universe, by showing that the 
principles seem to be operative throughout our entire range of observations 
from the cosmos to the electron (14). We should dwell more on the principles 
of wide application (15), and have less detail and fewer special cases (6), i. e, 
should teach fewer things well (14), and make the work less scattering (4). If 
the subject-matter is not reduced, we should have more time in which to treat it 
(25). This should be accomplished by requiring a descriptive course in advance 
of the present course (6), or by extending the work done into the grades (4). 

We should lay far greater stress on the observation and study of phenomena 
as such (35), and pay very much less attention to the numerical relations between 
portions of phenomena. (48). This means less emphasis on the mathematical 
and abstract side (30), less quantitative work in the laboratory (33), more demon- 
stration work (12), more class work, questioning, and quizz (7). Some do not 
agree with this position; they claim that we need more accurate quantitative 
work (4), better preparation in the elementary mathematics (7), better apparatus 
(13), and larger equipment (9). Conditions would be much improved if there 
was a text that had less subject-matter (12), that was inspiring and full of life 
and human sympathy (7); that was perfectly clear (4), that presented the subject 
as a consecutive or unified argument (7), and showed how one principle is related 
to others (15). In like manner, the manual should not make automatons of the 
student (3), and every experiment should exhibit "something doing," i. e., be 
active and dynamic rather than static (5). Fifteen express the opinion that all 
laboratory work should be quantitative, 15 call for simpler apparatus for this 
work, and 34 believe that there should also be qualitative work done by the 
students. 

In the laboratory work there should be more supervision (7), the experiments 
should follow the class work (n), and every experiment should have a definite 
and clearly stated end in view (11). 

There are three who believe that public opinion needs education concerning 
the value of laboratory work, and 3 others who think the lack of appreciation of 
school boards is to blame for our failings. It is also suggested that there are 
too many examinations, that the amount of work required in physics should be 
commensurate with that required in other subjects, that there should be a reward 
for concrete knowledge for those who are destitute of ability as abstract thinkers, 
and that physics should be required of all students with credit varying from | 
to ij units. 

Others suggest that the essential thing is better-prepared teachers, i. e., from 
the teaching point of view (33). The teachers should in addition have common- 
sense (2), tact (3), greater interest in the work (4), and be enthusiastic (21), 
inspiring (10), sympathetic and natural (4). Other requirements of the teacher 
are that he be a trained physicist (8), that he have a comprehensive view of the 
subject (7), that he know more than there is in the text (7), that he keep informed 
of what is doing in the world by reading current scientific literature (4), and 
that he plan his work more carefully (4). He should take more personal interest 
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in the students (3), should be able to gain the confidence of the pupils and arouse 
their interest (3), and should not be teaching merely because he has to do so 
(3). He must also have imagination and try to understand the pupil's point of 
view (3), and he must do all this for $65 a month. Hence some suggest the 
need of better salaries for the teacher (4), less work for him (6), and a recognition 
of the fact that laboratory work and lecture demonstration work require vastly 
more preparation than ordinary class work. Others suggest that the teacher 
should be free to make up his own list of experiments (3), so that he could adapt 
the work to local conditions (4), and therefore he should pay no attention to 
college-entrance requirements (7), but rather should strive to meet the needs of 
the pupils who do not go to college (4). He should be required to take charge 
of small laboratory sections only (3), should make the work attractive through 
variety (9), and have it carefully graded. He should also be a member of some 
science teachers' association and take active part in its work (3). 

Finally, and by far the most important, is the question of the method of pre- 
sentation. That this should be accommodated to the mental states of children of 
fourteen to fifteen is suggested by 14, and will doubtless be agreed to by all. We 
should always begin with physics in the service of humanity, developing the 
concepts used from the everyday experiences, making it less abstract and more 
human (5); we chill the student's enthusiasm at the start by confronting him 
at once by a (to him) strange set of problems and concepts couched in a strange 
terminology (4). The student craves at that age the explanations that can be 
given only in the light of the greatest generalizations of science; yet these 
explanations must be applied to his immediate activities (3). Hence we should 
cling closely to the largest principles, and let him come to comprehend gradu- 
ally their meaning and scope by constant application to his own experiences 
and problems (5). We should introduce vastly more historical and biographical 
matter (14), and should show the close bearing of science on the world's progress 
(7). We should lay greater emphasis on the method of thought used in scientific 
work, and less on the experimentation (9). We should give a careful presenta- 
tion of each subject before any study of it is required (10), and give the demonstra- 
tion experiments before the quantitative work is attacked (4). We must also 
cut out all college physics (7), get a better order of topics (3), co-ordinate the 
subject with the other subjects in the curriculum (9), and strive for clearer 
expression of the ideas and concepts (2). 

In forming a judgment as to the meaning of this summary of the 
answers to question 7, the reader must remember that each answer 
contained only two or three of the suggestions, and that these two 
or three seemed to the sender to indicate the main causes for the 
shortcomings of physics teaching. It must then be evident that we 
are not yet as well agreed as we might be on this most important 
point. Perhaps the whole thing might be summed up by saying that 
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we teachers do not comprehend two things as clearly as we should; 
namely, (1) we fail to understand the nature and needs of the ado- 
lescent mind; and (2) we comprehend even less the real nature of 
science and the real meaning of her services to civilization. 

Question 8. Comparatively few of the answers mentioned this 
question. Those that did notice it classed the experiments as those 
that teach principles that the average citizen should know, and those 
that interest the student. The vote was not sufficiently representa- 
tive to tabulate with effect. 

In conclusion, the committee wishes to thank heartily all those 
who so cordially responded to its request for information. 

Since sending out the circular the committee has found that sev- 
eral other associations were considering either the same or a similar 
problem. Hence we have invited all associations known to be inter- 
ested in the problem of defining the physics unit, and of getting 
a satisfactory syllabus for it, to join in the movement and appoint 
committees to co-operate in carrying the enterprise to a successful 
and thoroughly representative conclusion. This circular is sent 
out by the undersigned committees by joint action. If there are 
other associations which would like to join in this work, we shall 
be glad to hear from them. It is the plan of the joint committees 
to work out a new syllabus and submit it to the physics teachers 
of the country next fall. In order to help these committees to frame 
such a syllabus, any one interested is invited to send answers to 
the following questions: 

1. How can the drudgery of the notebook be reduced ? Is the tabular form of 
notebook desirable ? Should the pupil be required to work out his own form of 
report? Can you suggest a good minimum requirement for the notebook 
work? 

2. How could the amount of subject-matter be reduced so that greater empha- 
sis could be laid on method of thought and the development of reasoning power ? 

3. Should physics be placed in the fourth year of the course ? 

4. How much of the time of the course shall be required to be devoted to 
laboratory work ? 

5. Can you suggest any action that the associations could take that would 
tend to make the teacher of physics freer to develop his laboratory and lecture 
work more fully ? 

6. What sort of a syllabus could be devised that would leave the teacher free 
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to exercise his own initiative and yet guarantee that the student should do a 
unit of work ? 

7. What should be the aim of the physics course, and what means could be 
used to find out whether that aim had been accomplished by the work ? 

8. How can teachers be encouraged to join science teachers' associations 
and to take part in their work ? 

Answers should be sent, as before, to C. R. Mann, Ryerson 
Laboratory, University of Chicago. All teachers are urged to 
send answers to some of the questions, even if they do not care to 
answer them all. All answers should be in by August 1. This 
circular is being sent to all the physics teachers whose addresses 
are in the possession of the committees because of the great expansion 
of the work. The next circular, containing the tabulated results 
from this one and the suggested syllabus, will be sent only to those 
who are sufficiently interested in the work to answer this. 
Central Association of Science and Mathematics Teachers: 

C. R. Mann, University of Chicago, Chicago, 111. ; Chairman. 

C. H. Smith, Hyde Park High School, Chicago, 111. 

C. F. Adams, Central High School, Detroit, Mich. 
North Central Association of Colleges and Secondary Schools: 

L. E. Ackley, State University, Vermillion, S. Dak. 

C. F. Adams, Central High School, Detroit, Mich. 

J. S. Almy, University of Nebraska, Lincoln, Nebr. 

F. H. Ayres, Central High School, Kansas City, Mo. 

A. D. Cole, State University, Columbus, Ohio. 

J. Dewey, Columbia University, New York, N. Y. 

H. M. Garrett, High School, Beatrice, Nebr. 

C. W. Green, Albion College, Albion, Mich. 

K. E. Guthe, State University, Iowa City, Iowa. 

P. H. Hanus, Harvard University, Cambridge, Mass. 

S. Hayes, High School, Lancaster, Ohio. 

F. S. Jones, State University, Minneapolis, Minn. 

C. R. Mann, University of Chicago, Chicago, 111.; Chairman. 

C. H. Smith, Hyde Park High School, Chicago, 111. 

E. F. Smith, Humboldt High School, St. Paul, Minn. 

O. M. Stewart, State University, Columbia, Mo. 

A. J. Stout, High School, Topeka, Kans. 

H. L. Terry, State Inspector of Schools, Madison, Wis. 

S. L. Thomas, High School, Council Bluffs, Iowa. 

W. A. Thompson, High School, Webster, S. Dak. 

G. W. Treat, Lawrence University, Appleton, Wis. 
H. I. Woods, Washburn College, Topeka, Kans. 
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Michigan Schoolmasters' Club: 

C. F. Adams, Central High School, Detroit; Chairman. 

H. N. Chute, High School, Ann Arbor. 

C. W. Green, Albion College, Albion. 
New York State Science Teachers' Association: 

J. F. Woodhull, Teachers College, New York; Chairman. 

O. C. Kenyon, High School, Syracuse. 

J. S. Shearer, Cornell University, Ithaca. 
The American Physical Society: 

A. D. Cole, State University, Columbus, Ohio. 

William Hallock, Columbia University, New York, N. Y. 

C. R. Mann, University of Chicago, Chicago, 111.; Chairman. 

J. S. Shearer, Cornell University, Ithaca, N. Y. 

0. M. Stewart, State University, Columbia, Mo. 
New Jersey State Science Teachers' Association: 

H. M. Campbell, High School, Long Branch. 

1. E. Kline, Blair Academy, Blairstown. 

A. T. Seymour, High School, Orange; Chairman. 

G. H. Trafton, High School, Passaic. 
Chicago and Cook County High School Teachers' Association: 

E. E. Burns, Joseph Medill High School; Chairman. 

C. M. Turton, South Chicago High School. 

W. E. Tower, Englewood High School. 
New York Physics Club: 

J. M. Jameson, Pratt Institute, Brooklyn; Chairman. 

E. R. von Nardroff, Erasmus Hall High School, Brooklyn. 
H. Newcomer, Wadleigh High School, New York. 

Missouri Society of Teachers of Mathematics and Science: 

F. H. Ayres, High School, Kansas City; Chairman. 
O. M. Stewart, State University, Columbia. 

J. S. Stokes, State Normal School, Kirksville. 

[Note. — Just as this circular is going to press, attention has been called to an 
article in Science for May 18, by Professor J. W. A. Young, on "Recent Advances in 
Prussia in Teaching of Mathematics and the Natural Sciences." This article should 
be read by everyone interested in this problem since it contains a discussion of some of 
the work that has been done in Germany in the direction in which these circulars are 
tending. It has also been suggested, too late for incorporation in the circular, that it 
would be of great assistance in advancing this work in this country if each physics 
teacher would select such ideas from the summary of the answers to question 7 as 
appeal to him, and begin right away next fall making practical experiments with his 
classes, in order to find out in how far these ideas are capable of being wrought out 
efficiently in practice. The article on Germany should encourage us to begin this work 
immediately.] 



